INTRODUCTION
Investigations of the changes in crystallographic and magnetic properties of ferrites induced by fast neutron irradiation are of great interest in several fields within nuclear industry and research. Particularly relevant is to know the behaviour of ferromagnetic magnets in reactors and accelerators. The first studies of the transformation of the spine1 and garnet crystallographic structure by fast neutron irradiation were reported by Podsekin et al [l] , Chukalkin et al 121 and P a s c d et a1 [3] . At low fluences, a swelling was obsemed. At higher fluences, either amorphization or phase transition are observed. The aim of our study is to investigate the case of magnetite and haematite.
EXPERIMENTAL
In this paper, Fe,04 and a-Fe20, samples were irradiated by fast neutrons in the Melusine 8-MW light-water nuclear reactor of C.E.N. Grenoble with a flux of fast neutrons (E,, > 0.1 MeV, @ = 1.2 lOI3 neutrons S-') at various fluences (4 1019, 9.2 10" and 20 lOI9 neutrons/cm2). Polycrystalline samples of Fe,O, were synthetized using a classical ceramic method. The neutron diikction technique makes it possible to determine both the atomic and the magnetic structures of magnetic materials. For unpolarized neutrons, the nuclear and magnetic scattering are independent.: the structure factor of any Bragg lines is just the sum of the nuclear and magnetic structure factors, without crossed term. One can just obtain the modulus of magnetic moments, since polarized neutrons are necessary to determine their orientation.
The high resolution powder diffractometer with unpolarized neutrons DIA, located at the G4 neutron guide of the Orphee reactor in Saclay, was used. The data were refined with the Rietveld method [4, 51. The usual structures were observed without structural change. The cell parameters and magnetic moments will be discussed below.
RESULTS
a-Fe,03 is not a ferrimagnetic but an antiferromagnetic material and, therefore, will be presented separately. 
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Fe@, : Magnetite is the simplest among the compounds crystallizing in the spinel structure. The spinel structure consists of a cubic-closepacked cage of oxygen ions with the metallic ions occupying the tetrahedral (A) and octahedral (B) interstitial sites. In Fe30,, the cations distribution is inverse, the tehahedral (A) sites being occupied exclusively by Fe3+ ions and the octahedral (B) sites being shared by Fes and Fe2+ ions in equal proportion [7] . The variation of the cell parameter Aafa is given in figure 2 , compared to that of YIG garnet (Y,Fe,O,,) previously studied [3] . The only effect of irradiation in magnetite is a very weak swelling (C 0.1% in volume, compared to 2% for YIG observed at the highest fluence). Moreover no amorphization is observed in magnetite, contrary to the YIG garnet case [3] . The background of the diffractograms, the diffraction peak positions and the peak linewidths change hardly as a function of fluence.
The refined values of the magnetic moments located at the A and B-sites are given at table 1 : the distribution of the magnetic moments of the iron ions in the tetrahedral and octahedral sites is not modified as a function of fluence. A possible magnetic moment on the oxygen atoms, arising from superexchange, was not considered here due to the limitations of the powder unpolarized neutron experiment. 
DISCUSSION AND CONCLUSION
We think that the origin of the behaviour of magnetite can be related both to the existence of octahedral and tetrahedral empty sites and the presence of two kinds of iron ions, for the following reasons : (i) the spinel structure exhibits a lot of empty sites (9 per Fe304 unit), (ii) haematite has just two empty sites per Fe,03 unit and (iii) the YIG garnet has no empty site. Therefore, we think that the Fe30, spinel structure can easily accomodate the atomic displacements and the valence changes induced by irradiation and, thereby, can prevent the amorphization and limit the swelling. The case of haematite is intermediate. Further
Mijssbauer experiments are planned in order to check such an hypothesis (when the radioactivity will be sufficiently low for the samples to be machined). As a conclusion we emphasize the exceptional resistance of magnetite under fast neutron irradiation, similar to the results observed with high energy heavy ion irradiation [8] . 
